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loca 1 d tog c . D U ~  ~ l h 1 1 0 1 1  of l u d n r y  layer riromentwn thf cknsas 
a t  a givcn redinl m g l c  Q 

C "a ( 1  - ; coeff ic ient  of dlag due to r;octjon 
a1 1 

chambers 
.I 

power regui~cd t o  n c c c l r r ~ t e  thc suctic+ a i r  wjthout losses 
t o  uttdisturbed velocit:  rnd pressure 

minin~um equivalent total drag coefficient 

laminar f lat  plate friction cwff ic i tnt  

Q p - p, ! pressure coefficient with respect to ambient -- 
% 

static pressure p, 

:2 pa - 1 ~ T C O S U ~ C  c o ~ f f i ~ i e n t  of individual suct ion 

chamber with respect to  ambient aratic prerrure p, 

. . 
n 0, ; suction coeEficient of individual nuctfon chamber 

---... . 
UOD S -. . 

based on body wetted area 8 
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chambers 

o;~:rliinrmrc t o t a l  suction coef f ic ien t  corresponding t o  rniuimum 
cquf vul enr t o t a l  drag 

bf ; boundary layer strape patamoter 
3- - .. 

average boundary leycr sltdpe perantetor between tha  value at. 
t h e  boundary layer rake yosftiou and tho value a t  i n f i n i t y  

boundary layer tittape ~araruetsr e?: the boundary layer rake 
pos i t f  on of the model 

madel length a 12.0 f t ,  

2 pressure i n  t h e  individual suctfon ch::aber ( l b l f t  ) 

2 undisturbed freestream s t a t i c  pressure f l b l f  t ) 

2 PU,~ ; unditsturbed freestream dynamic p re smre  ( l b l l t  ) 

suc t i on  quant i ty  af individual auction chamber (ft3/sec) 

body t a d i ~ i  a t  a x h l  s t a t i o n  x ( f t )  

body radius st the boundary layer rake position of t he  
model 1 3.345 in& 

= U, L ; Reynolds nwber base4 on model l ena th  L - 
0 

= -. Ira ; Reynolds nurnbar bared on boundary layer unwwnu.~tum 
V 

distarice along the  surface of the model (ft . )  

wottcd surface area of model 46.23 f t 2  .- . 
ve loc i ty  in the houndary layer a t  height  y ( f t l r c c )  



')i 
valuclty at the outat  edge of ttr bourrdary layer (Etlsec) 

potentint flow velocity a t  tlie boundary luyer rake poaition 
of the too3el ( f r /sec)  

undisturbed f rcetitrrsm velocity (f  t!s&) 

wctjon inflow velocity for equivalent arce bWEi0n (f  t f s e c )  

. v, 5 1 nondiinmrional svction lnf low velocity for 
U 

Us, 
equivalent area sutt ion - - 
dis tance  810- axis of model ( f t )  

distance normal t o  the surface of the model ( f t )  

angle of kttack (degrees) 

boundary layer thickntss ( f t )  

boundary layer displacement 'thicknas~ at  the boundary taper 
rake posit ion af the model 

u (1 - U) (1 + x) dy; boundary layer .ount- thick- 
F 0 F r 

boundary layer aomntrm, thickness at the boundary layer 
rake position of  the model 

wake momentum thfckners far bthind the model . . 
a b ~ o ~ u t e  v i ~ c o r i t y  ( ~ b  - see / ft2). . . 



cP radial angl c! (dekrees) 



p a s s j b l e  i f  extxndve  or  completely lamiriar boundary layer  flow could be 

maintained over t h e i r  surfaces by nenns of boundary l ayer  suc t ion  (refer- 

ence 2 through 5). The question therefore arises as t o  whether laminer 

flow can be maintained on ut.deruiiter b d t e s  of revolution up to the 
- .. 

length Reynolds numbers e~~coutitered by such bodies c ru is ing  a t  high 

speeds. In addi t ion,  i t  is desirable  to establish data from which rhc 

l i m i t s '  of the parwueters signf f i cmt  to boundary layer  s t a b i l i t y  on a 

body of revoluel.on can be deduced f o r  deeign purposes. 

Low drag suct ion exyevirnants are general ly  cons iderabl j~  e a s i e r  t o  

sonduct i n  low turbulence wind tunnels than i n  wbter. Since rlrailrsr 

flows develop i n  water and a i r  for  the same Reynolds numbers, as long ar 
. . 

effects from a f r e e  surface and cevitcltion can be neglected, it we8 de- 

cided t o  inves t iga te  a Reichardt body of rev5tutfon of f inanesr  r a t i o  8, 

w i t h  low drag suct ion appl ied through 113 ,lots,  in the  kaes 12-foot low . 

turbulence high pris~ure  tunnel. The low I e w t  o f  turbulence and noire  

of the h e r  12-foot t u ~ n e l  a t  high tunnel preasuree (reference 6) should 

enable the  maintcnsnce of f u l l  length lamlnar flow on the Refehrrdt suc- 

t ion body up t o  considerably higher length Rcynolda numbers than the 

6 nuxlsum value of 18 x 10 which war obrarvad during t he  firrt rxparimanla 

on the rams auction body i n  the Norair 7- by 10-foot utmo~p!wric low 

turbulence tunnel (reference 1). 

. 

I., 



A. E.KlPF,RY H:NTld, Sk'I'UP - - - -  
The body st,:+ was an 8:1 Ljt~enoss ratio Reichardt hody of revo- 

lu t ion  (reference 8) and WLPS chmm to  stlow comparison wLth a tcot model 

built by the U,S, Naval OrGrtsmx 'last Ststion (NOTS), Pasadena, Callfor- 

nisr, end described in  reEere.nce 4 ,  I'be di2e . ter  of the Norair model was 

18 inches and the bbdy lenath 144 inchub. A t  t h e  rear of the body was a 

6.5 inch dfbmctst sting which strved t o  support the model and provide a 

passage for ducxinyg ructLon air out of t h t  model. The body shape was 

Eaired srr.oo:hly into the sting from 98 t o  103% of the body length, using 

an rlgabrsic equation with five unknowns to  allow marching of rhe ordinate 

and first and second derivatives of the body shape as well as the ordfnats 

and first derlvativc of the sting. The f i n a l  model contour $6 lllurtratad 
. . 

i n  Figure 1 and the coordinates of the shape are glven as Table I ,  

The potential pressure distribution of the body (without st ing and 

at  u O 4  angle of attack) was c3anputad for NbT8 by A.M.0. kith, using 

the arettod of reference 9 ,  and was txpcsrfmenblly chdcked by Noreir with 

8 nansuction Reiclrardt body of revolution utililtiw u rting (refexmce 1, 

appendix A). The tbeorettlcoll pressure distribution i n  r h m  in FI~rlcl 3. 

. . 
b r e d  an prevfour law drag rueelon rxperiartntr on r 30° w e p t  lun- 

inor auction wing (reference 7)  in the Norrit 7- by 10-foot'and in the 

Ames 12-foot tunnel and ather law drr8 wction invaatigatienr in the 

Uorrir 7- by 10-foot tunnel it wig rrtbwted that fvlX lonl)th l m i w  
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length and one-hrrlf inch in*thc region of the tsar pressure r i s e  from 80% 

t o  99.6Z of the length where strong suction is required. In r i r  t o  avoid 

local  flow decelerations a t  the s l o t  i n l e t s  which mtght lead t o  flow in- 

s t a b i l i t i e s  i n  the boundary layer the s l o t  width was chosen approximately 

equsl t o  the thickness of the sucked boundary layer a t  the design length 

6 Reynolds number of 49*10 . The suction a i r  passed through the s l o t s  and 

circumferential grooves o r  small plenum chambers,through holes, d r i l l e d  i n  

.a thicker continuous inner skin, in to  13 individual suction chimebeto. 

These holes a t  the came time acted a s  suction flow metering holes* I n  ad- 

di t ion,  i n  order t o  avoid any local flow separation a t  the i n l e t  of the - 

sharp edged suction s l o t s  and suction holes located underneath the s l o t s  

the Reynolds numbers In these s l o t s  and holes (based on s l o t  widtb or  bela 

radius and mean velocity through the s l o t s  or  holes) was res t r i c t ed  t o  such 

l o w  values tha t  the flow through the s l o t s  and holes was purely viscirus. 

The model u r s  b u i l t  up of an inner she l l  composed of seven machined 

tubes bolted together, a nose piece, and outer rilys rbrunk-fit t o  the 

inner rholl.  Details of the s l o t  end hole system a r e  i v e n  i n  Table 11. 
-- 

Suction plentrm chambers were turned in to  the outer rims. During arsaably, 

the outer r ings were forced together as they were shrunk-fit onto th irmr 

r h e l l  and the  s l o t s  were subsequently turned into the jo in t  betwee:~ rlngr 

t o  provide positive control of the d o t  width. Cowpartmutattan of the . . 
mdel in to  thir teen s&on chambars n r  accclsplirhd by aaurr of redad - 

bulkheads. Calibrftted suction flow mearuring noraler mra b a t a d  Ln the 

face of the bulkheads. 
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Figure 2 is a schematic drawhg of the model as it  was i n s t a l l e d  i n  the  

NASA-hes 12-foot pressure wind tunnel and Figure 3 shows the  model as i t  

appeared i n  the wind tunnel t e s t  sect!on, Disturbances from the model sup- 

por t  system were minimized, The model was held by a tubular  s t i n g  exten- 

sion which, i n  turn,  f i t t e d  i n t o  the  body of revolut ion of the wind tunnel 

high-speed support system. Streamline sway braces,  extending from the 

s t i n g  exxension t o  the  wind tunnel walls, weqc provided as a guard agains t  

f . lur ter  and could be used t o  make s l i g h t  adjustments of the  angle of yaw 

of the model. 

.) 

From t he  suction c h b e r s ,  the suct ion air passed through ca l ibra ted  

suc t ion  flow measuring nozzles mounted i n  the  various bulkheads, and 

through 8lurr:num tubes t o  the e q e r i o r  of the d e l .  Flexib le  t u b i q  led 

the  suct ion air out of t he  t e ; ~  sec t ion  through f a i r i ~ g s  f ixed  t o  t h e  high- 

. - sped support .system and t o  a common suction box located i n  t h e  wind tunnel . . . . 

balance chamber. Since the  experiments were conducted at  tunne 1 pressures  

varyi* from two t o  f i v e  atmospheres, suct ion could be operated by b l a e d i k  

t5e  suct ion air i n t o  the atmosphere through a sonic throat.  The individual  

suct ion q u a n t i t i e s  of the  various suct ion chambers were varied by means of 

remotely a d j u s t ~ b l e  needle valves located at the i n l e t s  to the colnaon 

suct ion box and t h e  t o t a l  r a t e  of suct ion was cont ro l led  by remotely varyin% 

t he  atea of the  sonic throat .  
. . 

versely a f f e c t  the boundclry layer  on the  ex terna l  rrurfsce were mtnbired by 

a v o i d i v  loca l  flow -eparationr and flow pulsa t ians  an the  ducting rprtsr 
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The objective of this investigation was the study of the behavior of 

the laminar boundary layer on a Reichardt body of revolution with suction 

through many fine slots and the determination of the drag characteristic8 

and suctton requirements of this body at various Reynolds numbers RL. At 

each Rtt'ynolds number the suction quantities were varied over a range that - d 
included the point of minimum drag. 

The pressure drop across the calibrated flow &aswing nozzles lo- 

cated at the downstream end of the various suction chambers was measured to 

cvalttate the suction quantities Qa of the individual suction chambers. rtra 

corresponding chamber static pressures were taken at the downstream end of 

the suction chambers. The lengthwise pressure distribution was recorded by 

means of twenty-one static pressure orifices located from 2 to .95% of tbe 
.- . . 

length. The location of the static -pressure orffices is given in Table 111. 

In order to properly set the model at an angle of attack a, = 0°, four pres- 

sors taps arranged 90 degrees from each other were provided at a station 3% 

of the body length from the nose. r' 

For the dotermhution of the wake drag of the aodel, the bwadary 

layer velocity profile.  at the aft end of t ie  b o ~  wen masurd by meati~ 

of s o h  boundqy layer . . rakes. The rakes were located at radial r k t i o k s  

tp 0° .(top of modal), 30°, 60°, 180°, 2259'and 270° (see ~ ~ ; 4 ) ~ ,  Po& 
-. . 

of the rakes ( q  = 0°, 30°, 180-and 2259 e a d  conrlsted of k l v e ~  flit-. , 
' . '. 

ten& total pressure tubes whereas tbe farrmiai~rg tue trp r 60° .rab . -. . 
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consisted of twelve 0.010-Wch diameter round total pressure tubes apiece. 

Round t o t a l  pressure tubes, which a re  less sens i t ive  t o  angle of at tack,  

were used f a r  the side rakes t o  minimize errtrs a t  angles of a t tack ,  Each 

of the rakes had two s t a t i c  pressure tubes displaced one-half. inch from the 

plane of the t o t a l  pressure tubes. 

The s t a t e  of the boundary layer was &served from the boundary layer 

measurements ait the a f t  end of the body. -+ 

The s t a t i c  pressures i n  the measuring noat;les, suction chambers and 

on the external body surface were displayed on a f i r s t  U-tube manometer 

panel. The boundary layer rake ;eadings ( to ta l  and s t a t i c  pressures) were 

recorded on a second, separate U-tube m a n w e r  board. I n  t h i s  manner 

f luctuat ions 'of . . the  t o t a l  pressure readings from the raker did not inf  lu- 

ence the remaining pressure readings. The pressure data were recorded 

.- photographically .on 73-lan 'film, which was then tead .en a filmreading ma- 

chine. The recordiag was on punched cards sui table  fo r  use on an 1 ~ ~ ~ 7 0 3 0  

d i g i t a l  computer, 

The undisturbed freestream static and d p d c  pressure8 p t ~  and qlb 

were determined frm wind tunnel ca l ibra t ion  cumma and calculat ioar  of the 

tunnel wall corrections by the wind tunnel staff . Tb. reeultant  afnlrarai 
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Pa - Pm and the coe f f i c i en t  C - 1 -  = 1 - C of the i sen t ropic  pressure 
Pa pa 

r i s e  across  a suct ion compressor necessaxy t o  acce lera te  the suct ion a i r  t o -  

freestream veloci.ty h d  ambient static pressure without losses ,  the  equiva- 

l en t  suction drag coe f f i c i en t  i~ 

CG = c (1  - c 1. 
8 al l  Pa 

Due t o  t l ~ ,  mrface  curvature of the  body at the  rake location, a -- 
pressure graff i in  . normal t o  the body existed and was measured by the  two 

s t a t i c  presrmc p'mbes mounted on each rake. A l i nea r  va r i a t i on  of s t a t i c  

pressure we6 assumed f o r  the determination of the ve loc i ty  d i s t r i bu t ion  i n  

the  boundary layer  a t  the rake location. 

For t?e eurr..uation of . the  wake drag, it was assumed that  the measured 

boundary layer  profile $8 f i r s t  accelerated over a short d is tance  t o  a con- 

s t a n t  statfc:  preeosrwe equal t o  the value at .  the  edge of the  bwndary ' layer  

at  the  rake location. This  new f i c t i t i d s  boundary layer  p r o f i l e  a t  con- 
* 

r t a n t  static prcssura can be determined from the cont inui ty and Bernoulli  

equations tf..e., acsumlng constant tctal pressure along s t reaa l inee) .  The 

wake momentum lor 8 s.t i n f i n i t y ,  which determines the  wake drag, can then be 
8 

evaluated from the  amaatwn 0' ckness of t h i s  f i c t i t i o u s  boundary layer a t  

:onstant s t a t i c  prermre accotdlng to Squire and Ywng: 

- .- . 
7 .  C .  

++e r& if the body ra:iiu. at  the r s r u r i w  atat ion,  U= i r  the potential 



- 
flow velocity st rhc c d ~ e  & the boundary layer,  H is the value of ti = 

F 

in the wake between the boundary layer rake position and in£ i n i t y  and 

Shortly downstream of the rear end of the model HTE a 1.4 (turbulent)  

and H = 1.0 at infinity; therefore, + 2 r 3.2, and 

2%- 

For the determination of the total wake drag the momentum thickness 

- -  as measured bg each boundary layer rake (at radial position cp) was deter- 

mined and a "localw wake drag c h  (9) was defined as 

At an angle of attack a = Q 0  the total wake drag was then determined from 

the average value of the local wake drags 80 that 

-- . 
h e  equivolant tot81 dtra i s  then tho run of the wake and ,equivalent 

ruction drags t 



EXPERIW&TAL RESVLTS . c* ---------- * 
The experirrmtal ly  detennined lengthwise po ten t i a l  flow ve loc i ty  

d i s t r i b u t i o n  i s  s h m  i n  Figure  5 and compared with t h e  t heo re t i ce l  

po ten t ia l  flow vclccity dfstribcltion as calculated by the method of 

reference 9. The experimental a d  t h e ~ r e t i c a l  po ten t i a l  flow ve loc i ty  

d i s t r i b u t i o n s  agree' within 0.2 percent of t he  freestream veloci ty .  The 

experimental curve is cons is ten t ly  higher than the theo re t i c s  1 curve $11 . - 
t h e  region from 25 to 70 percent of t he  length indicat ing a s l i g h t  e r r o r  

i n  the de t emina t ion  of the freestream veloci ty .  

~ i g u r &  7 through 52 show t h e  va r i a t i on  of the  woke drag coe f f i c i en t  

C%, the equivalent suc t ion  drag coe f f i c i en t  CD and the  equivalent t o t a l  
6 

drag coe f f i c i en t  CD as a function of the t o t a l  suct ion flow coe f f i c i en t  
t 

"st . A t  low suct ion rates, increasing suction moves t r ans i t i on  back towards 

the  end of t he  body, causing a rapid decrease i n  wake drag and t o t a l  drag. 
. - . . 

As suction f s increased f u r t h e r ,  and turbulent  burets a r e  eliminated 

e n t i r e l y ,  t he  f u l l y  laminar boundary l ayer  is merely thinned by addi t iona l  

suction. Since t h e  corresponding decrease of wake drag due t o  thinning of * 

t he  laminar boundary l aye r  with increased mc t ion  is smaller than the cor- 

responding increase i~ equivalent suction drag, t he  equivalent t o t a l  d r ~ g  

then increases.  Thus, a minimum equivalent t o t a l  drag coe f f i c i en t  CD 
tapin 

occurs  a t  an  optimum total suct ion flow coe f f i c i en t  C 
%t 

The loca l  drag coeff  i c i n n t e  c~ (9) a8 measured by the individual  
w .. . 

rakes a r e  not  shown. Tbeir  va r i a t i on  war the came a8 tbat of , their  C4, 
rrsgnitude was approximstcly 1 / 2 ~  t h a t  of CD uid  their  total deviation froa 

V 

the average was less than 10 percent fn most cassr, 



Figure 53 chows the ,vtirieLion of minimtm equivalent t o t a l  drag 
ii 

' coe f f i c i en t  CD (including equivalent suction drag) and the corresponding 
b i n  

optimum a ic t ion  coef f ic ien t  at minimum equivalent t o t a l  drag CQ with 
opt  

length Reynolds number RL a t  angle of attack cu = OO.  The values of CD 
t m i  n 

and were determined from Figures 7 thrcnyh 52. Also shown S n  Ffi;ilre 

53 a r e  the coe f f i c i en t s  Cg tmi,-and CQ,,,.. as determined i n  the  Norair 7- by 

10-foot wind tunnel and given i n  reference 1. 
- - 

The lengthwise d i s t r i bu t ions  of the nondimcnsional m c t i o n  ve loc i ty  

vo* f o r  equivalent a rea  suction a r e  shown i n  Figu-e 54 f o r  several  selected 

t e s t  numbers a t  2 and 5 atmospheres wind tunnel pressure. At t h e i r  respec- 

t i v e  Reynolds numbers, t he  chosen t e s t  p i n t  was t h a t  one c loses t  to  minimum 

equivalent t c  tal drag. For comparison, a suction d i s t r i b u t i o n  measured 
I 

durin8 the  Norair t e s t  and the design suction d i s t r i b u t i o n  are a l s o  shown. 

The measured boundary layer veloci ty  prof i l ee  correspondins to the  suct ion 

" 

veloc i ty  d is t r ibu t , iona  of Figure 54 are &en i n  Figures 55 through 61. 

The va r i a t ion  of the  boundary layer  ve loc i ty  prof i lea ,  as measured 

by the top boundary layer rake, with t o t a l  mc t ion  f la, coe f f i c i en t  pt is  ' 

rhown i n  Figures 62 through 68 for several test runs. -The test runs are 

the  same as t hose ' fo r  which Figurea 55 through 61 i l l u c t r a t e  individual  

test polnta. Only the boundary layer  p ro f i l e s  measured by the top rake 

are ,hmn since those measured by the o ther  rakes are similar. . . 
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The t e s t s  points chosen for a detailad analysis of the. boundary 

layer dearelopmcnt are l i s t e d  in Table I V  and were those whose lengthwfse . 

distrl .butions of nondimensional eqirrvalcnt area suction velocity are shown 

in Figure 54, The tesc pofntr were chosen to  cover the eomplete range of 
-.. 

Reynolds numbers arnd troth of the wind tunnel pressures usedo A t  their 

respective Reynolds numbers the chosen t e s t  p i n t o  were those closest to 

J 

Development of the boundary layer for the selected t e e t  points was 

ccrleulated by mans  of Rae t o s  method (refareace 10) on an 1BM 7090 higb 
i ,  

3 
speed d i g i t e i  cmputer, The method crlculater boundary layer profiles a t  

r lrrgc number of  chotdwiae r t tps by a f in i t e  difference noth3do Numeri- 
" 

cal d r t n  dcf lning the bwndrry conditions i r  required a t  each point* For 

canput.atiom.1 dtdbility,, these dbta rrmat be rmooth and conriatent, and 

I ' 
i 
I 
! 

! 

. , 

their derivatives are r e e ~ i c t c d  i n  aragnitud. r o  that the differmccrn br- 

tween pointr sst not tm lsrgeo For thin maron, the input parameters are 

uruullp defined as anelytic a p p r ~ r i ~ t i o n s  to the 8i-n Qtr. 

Figure 69 i s  a collrparfron of the mermursd I m g ~ M r a  velocity d i a l  

tribution and the approximotion used for the ~ r l c u l r t i o n r ~  The rpproxkr- . . 
t i o n  i s  by r method developed by Coldmalth md can be ured whtnwer it fir 

not nrceerary t b t  the approximation pars tkouah tbs dsE'idng pointr (&a 

thir cama the mersurad pointr). Tk,dcgrer o f  rpprrmimtlon can be - 
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,% . adjusted but in this  case it: wke f e l t  that the approximation was r u f f i ~ .  

c lsnt ly  claw ~ f n c e  it f e l l  within the experimental eccuracy of the poigts 

and the velocity gradients were pxoperly defined. The nondimensional , 

equivalent area suction wdoeity distribution, uscd for a given test paint 

is i l lustratedo aXong with the measured reat polnts, with the sumnary of  

result8 for that test  p ~ i n t e  They are shown i n  Figures 70, 73, 76, 79, 82, 

85# and 88. - - 

The computed u~velopment of the lamfnar boundary layer for each of 

the test points 6tudPed i s  shown ip  PigrCfee 70, 73, 76, 79, 82, 85 a d  88. 

Shown i. the Reynoldr number b a d  on t h ~  boundary layer rruntuk  thieknesr 

Lg - and the shape parameter H rn 2 1 9 ,  which i s  an indication of t& 

boundary layer etabillty. 

.. In Figurer 71, 74, 77, 80, 83, 86 .a+ 89 tbe theoretical baundary 

Iaycr profiler at the boundary layst rak position8 are compared with t 
the boundary jayer valocit isr a# w h r e d  by the rake total  pnrrurr 

md otstfc preswre tuber. A f r o  fnkludqd are the boundary &yer p.rueterr 

momentum thfckneos 8, dieplacement thicknor8 6*, r k p s  p~ woeiterr I, 

. ~ t u m  thfcknaw~ Reynolds numbbr Re and wake drag coefficient Cb, 

. .  . . . 
Ltlurtrated by the boundary layer velocity profilrr crlculstod a t  a 

. . I.., . 
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B 
. Limitations were ra ther  caused by the appnarance of a critical roughness 

but insuf f ic ien t  time was avai lable  t o  run the  tunnel again a f t e r  locating 

a d  removing the roughness. 
* *  

6 A t  the low end of the Reynold6 number range (RL e! 17;10 , 8ee 

Figure 53) the equivalent t o t a l  drag meamred at h e a  waa higher, a t  tbe 

same Reynolds number, than that measured i n  the  Norair wind tunnel. 

.Figure 54 are compared the leagthwise dist r ibut ions of nondimenrtonsl 
* equivalent area suction velocity v o a s  measured i n  the  two wind.tunne1a 

at approximately the same Reynolds number ItL. It can be seen t h a t  less 

suction aft  of 85% of the body length waft used i n  the Amcs test8 than in 

the  Norair tes ta .  According to  reference 1 the equivalent total drag of 

t h e  Reichardt body of revolution i r  very sensi t ive the amount of IUC- 

t i o n  i n  this areb. 

total equivalent dregr of the tua case. ywld wtch more cloosly if, in 

the  Amec tests, more auction had been used aft of 85% or' the body l e k t h  

at the lower Reynalde numbern. 

In -- 

On the besir of there r e s u l t s  i t  appears *hat the 

me calculated boundary layer vd imi ty  profile. at the aft  end of 

the model show good Bgreenent v i t h  the velocity profiles maamred by th 

bOUndAv layer take. (Figure 71, 74, 17, 80, 831 SC and 89). * Wrw- 

ment is ecpecial ly  good between th calculated profile .nd rAkt@ #labered 

1, 2, 3 snd 4 which were 1ococ.trd at radial  mglr? ~ r u r u n d  tram tha tap 
.. 

. .  
of tb model) rp 00, M O D  bo' and Z?OO t-rpectivrky. WOS 5 61 

which wera located a t  cp 9 2 2 5 O  urd 1809, h v e  velocity prcfLIar c&rrrc- V. .. 
, ta i i i t ie  of the prcwncr og turbulent burst#.' lhls d i l c n p . W y  W#,g8rtrr 

thr p o r r l b i l l t y  $ha; t&' mar o&tb d e l  my'hvo ku at #I* rgle . . 
. - .  

, .  -vFm?gp.- . 
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.of ntI.ack such that the boteom of the model whs on the lm-+tkd s ide  of t6e 

WLntf tunnel f l ov ;  alkhough 3 was known from preaeure measurements around 

the  cftcumferenre a t  a n  axial attition near the nose that the model w08 

aligned with the  flow i n  t h i s  reglon. The apparent angle of a t t eck  a t  the  

rear o f . t h e  model may have been due to s l i g h t  angu la r i t i e s  of flow already 

present In the w i n d  tunnel or lndileed by the mwntlng system. 

increased drug w e r  the bsttan of the d e 1  a l so  may h a w  been due t o  sub- 

critical mughne=s or surface imperfections, bt, since the  drag increase 

was present: to t he  same extent over a wide range of Reynolds numbers, 

roughness effects would not appear t o  be the  re&soi~.D 

Tbe 811gIirly 

-e 

. .r' 
. r': 

The boundary tayer development, as determined from the  theorr:ical 

computatfons and presented Zn Ffguree 70, 73, 76, 82, 85 and 88, S;~OWS 

8imilar behavior in the deven cases qtudied. 

Reynolds 

N wa8 maintained at a value raving ftun&.4 tc 2.3 u n t i l  81% of the M y  

The momenturn thickness 

.ber increased g radua l l i 'w ih  Zingth, while the .shape parameter 

*: length bad been t raverred.  A f t  of 81% length the region of the rear pren- 

n Lure rire was starting and Sncrased suction wa8 required rwff ie ient  to 

restrain the growth -f RQ to rpproxfiutely i t 8  praviour rate while H war 

Groppiog i n  value. 

maintained up to 90% length, at which time Re had achieved a value that 

i n c t a a d  a8 length bynoldr number 

at R,, = 17.14 x IOc to Re 

TG esrentis~~y conqtant rate of gnnrth of % war 

increaud and varled from Rg = 2360 

3600 a t  RL = 56.74 x 106. 

In the regioo: of the rtroq prcsrure t i r e  frw 90% langth t o  th 

IwIr of .tl# d e l ,  tb raabntun thlckrwts Reynold8 w,kr g& rapidly. .- . 
ultimale value of q a l n  depended on lawth Reynold8 mmbr and 

. .  

... ..--.. . - 
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